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which in beauty of melody and arrangement of themes 
surpass all other avian music that has come to my at­
tention, and we have other species that take high musical 
rank. The song sparrows furnish melodies enough 
to equip nearly every member of the woodland chorus 
with a different song for each. Some of these song­
sparrow themes are very satisfying. Here is one I 
heard in northern Ohio last spring: 
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This, although simple, is a very pleasing and melodious 
phrase, one that no human musician need be ashamed 
to borrow for incorporation into some more elaborate 
composition of his own. And let me say here that our 
woods and fields are full of suggestive themes for the 
enterprising musician who awakens to the fact that man 
has no monopoly of melody. One, at least, of the fra­
ternity recently had his eyes opened to this wealth of 
musical material, and the result of his discovery is a 
book of songs about birds in which the melody of each 
song is made up of themes furnished by the bird to which 
it relates. Some of these songs are very beautiful. 
More remarkable than the union of related phrases 
in sequence by one bird are those performances, oc­
casionally to be met with, in which two related phrases 
are sung antiphonally by two separate birds. The 
meadow larks of the eastern half of the United States 
(Sturnella magna) are especially prone to sing duets of 
this kind. From forty or more such meadow lark duets 
that I have noted I here reproduce one sung by two 
birds on my own place last March: 
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Were the first bird saying, "I love to sing," and the 
second rejoining, "So I perceive," the effect of phrase 
and answer would not be more marked. 
From such examples of bird music what are we to 
conclude as to the meaning of bird song? We find some 
of the birds uttering musical phrases and sequences of 
phrases that are governed in their construction by rules 
that govern the construction of our own musical CClm­
positions-that conform to those constructive prin­
ciples that are developed by musical taste in man. 
Melody, rhythm, harmony, and tonality combine to 
make them pleasing to our ears in precisely the same way 
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that human music appeals to us. To account for this 
phenomenon by a theory of chance coincidence requires 
a degree of credulity that is immense. That a bird 
should so combine notes as to produce human music 
accidentally is as incredible as that it should so combine 
articulate sounds as to form human speech accidentally. 
To assume that birds are the unconscious instruments 
of a higher power made to produce such performances as 
man alone can appreciate and enjoy, is to return to the 
long-abandoned attitude under which the stars were 
regarded as mere points of light, created for the purpose 
of relieving man of absolute darkness on moonless 
nights. There remains only the idea that birds sing 
songs of whose musical beauty they are consciously 
appreciative. This is the simplest and most plausible 
interpretation of the matter; and if we are brave enough 
to disregard that bugbear of the average psychologist, 
anthropomorphism, we shall understand that birds 
share with man an intelligent appreciation of music, 
the difference being one of degree, not of kind. We may 
not comprehend the full philosophical significance of our 
own musical emotion, but we may safely rest in the 
assumption that whatever light we have in this respect 
equally illumines and makes plain the meaning of bird 
song. 
Their Early History and Modern Improvement 
By Dr. Mary Davro 
FROM the ninth and eight century B. C. the Egyptians 
were in the habit of investing their mummies in cases 
or cartons which formed a sort of armor for the defunct 
person, and were com posed of several pieces: a "boot" 
into which the feet were inserted, a painted and carved 
casing for the chest, and over the face a mask represent­
ing the features of the deceased, with his blue or black 
ceremonial wig. Specimens of these masks are to be 
found in various museums. They are composed of 
several thicknesses of fine cloth pasted together, pressed 
in a mold, and covered with a layer of stucco or plaster 
fashioned by the artist into a likeness of the dead person 
Dr. Coulomb has in his collection a beautiful funeral 
mask of this sort, dating from the first century of the 
Christian era and furnished with very pretty artificial 
eyes. The sculptors of ancient times, too, adorned their 
statues with materials more or less rare, such as wood, 
marble, ivory, lapis-lazuli, and so forth. 
At first the Egyptian embalmers enucleated the 
eyes of corpses and then poured plaster or white wax 
into the orbits in order to inset a precious stone, such as 
obsidian, for example. Then later they substituted 
for the wax or plaster shells of silver or other metal, 
sometimes enameled in white and perforated in the cen­
ter with a hole representing the pupil. But neither 
the Egyptian embalmers nor the Greek and Roman 
sculptors ever provided the living with an artificial 
device to take the place of a lost visual organ. The 
first authentic test which mentions the prothetic eye is 
the passage in the Talmud when it is related that Raffi. 
Ismael had made for a young girl an eye and a tooth 
of gold in order to embellish her. No other information 
upon this subject has been discovered either in the 
Middle Ages or the Renaissance. But artificial eyes 
of enameled gold are described and pictured in the 
works of Ambroise Pare. These, which were not very 
widely used, were then made by jewelers; and in case 
one of these could not be lodged in the orbit, he even 
recommended another apparatus "made of iron wire 
flattened, bent, and covered with velvet or taffetas, 
having one side flat that it may not wound, and the 
other covered with wrought leather, to which the painter 
gives by his artifice the image of an eye. When this is 
done it is placed over the orbit. But the said wire can 
be extended and bent like those which are used to wear 
to hold their hair in place. It will pass above the ear 
around half of the head." 
In 1601 a Hungarian doctor, Jessenius, speaks in his 
Surgical Institutions of a Florentine jeweler who manu­
factured, at Venice, artificial eyes of glass and sold them 
for as much as 6 or 7 crowns. In an extent specimen, 
made in Venice, and dating from 1580, the sclerotic is 
white, the iris brown, and the pupil black, but the en­
semble does not give a very good illusion of the anterior 
chamber of the natural eye. The shell of glass, which 
is p'ainted on the concave side, this being then covered 
by a thin plate of polished lead, seems to have been 
fashioned upon a grindstone. The lead covering had 
the- double purpose of preventing irritation of the 
"stump" and of preventing the tears from dissolving 
the colors. 
*From La Science et La Vie (Paris). 
Later, from the middle of the seventeenth century, 
the art of the ocularist doubtless declined at Venice, 
since we find that the heterophthalmic of two worlds 
provided themselves almost exclusively in France, and 
especially at Paris, with the crystal eyes which were 
sold on the Pont Neuf as early as 1682. History, 
moreover, has preserved for us the name of some of the 
most celebrated French specialists of the epoch; among 
others the Parisian Hubin or Hubins, of the" Rue Saint­
Denys, opposite the Rue aux Ours," his competitor, 
the sieur Le Quin, established in the Rue Dauphine, 
and a remarkable artist who exercised his profession 
at Nevers towards the middle of the eighteenth century, 
and to whom some authors ascribe (wrongly, however) 
the invention of the eye made of glass. The fame of 
certain ocularists of the French capital even extended 
beyond our frontiers, as is testified to in a memoir by the 
German physician Adam Haug. Raux, in particular, 
"enameler in ordinary to the king, Rue aux Juifs," 
imitated perfectly "the form, the color, and the bril­
liance" of the natural eye by the aid of various Venetian 
enamels combined with metals. 
It is obvious, therefore, that the technique of the 
ocularist had made remarkable progress since the day 
of Ambroise Pare. This art continued to perfect itself 
with the Anzous, father and son, and above all with 
the "artist oculist of the king" Charles FranQois Hazard, 
so that a contemporary could write in 1904: "In the 
focus of M. Hazard's lamp you will see born the crys­
talline, the uvea, the iris, the most imperceptible veins. 
At midday you order from him the eye you lack, and 
after dinner you go into society with a perfectly matched 
pair of eyes!" 
In spite of the exaggeration of these lines, Hazard, 
who died at 54 in 1812 was certainly one of the most 
skilful ocularists of his time. His nephew and pupil, 
Hazard Mirault, who published the first Practical 
Treatise on the artificial eye in 1818 also acquired a 
brilliant reputation. Up to this time glass had been 
used almost exclusively in the manufacture of prothetic 
eyes; but since this material off ered many incon veniences 
Demmenie, an Amsterdam glass-blower, substituted 
enamel for it, towards the year 1840; and although 
since then there have been many attempts to replace 
it by more resistant plastic substances-celluloid for 
example-nothing better has yet been found. Even the 
rubber eyes, advised in 1916 by M. M. Lemaitre and 
Tevillieres, do not seem able to dethrone eyes made of 
enamel. 
Under the action of fire, enamel, or the silicate of 
potash and lead, takes on, in fact, a remarkable polish 
which imitates the sheen of the natural eye; the con­
stant friction of the lids does not wear it away too fast; 
tears can scarcely dissolve it, and it does not irritate 
the ocular mucous membrane. Moreover, by the 
addition to this crystal of various metallic oxides we 
are enabled to imitate the smallest details and the most 
delicate tints of the sclerotic, the iris, or the pupil. 
Until about 1850 Paris practically monopolized the 
industry. But at that time Ritterich introduced the 
manufacture of artificial eyes into Germany and Austria, 
where it became localized at Prague, Saalfeld, and Leip-
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zig. Before the war the ocularists beyond the Rhine 
competed briskly with our own in the world market 
and even in France. However, the heterophthalmic 
nearly always abandon the German specimen because 
of its defects. In the eye now made in Paris the 
iris has the same color tone when seen at an angle 
as when gazed at directly, while in the German eye a 
layer of white enamel, continuous with the sclerotic 
completely masks it. Then it nearly always has edges, 
rough from the grindstone, which irritate the stump, 
which often remains sensitive after the enucleation, 
from which headaches may result. Furthermore its 
enamel is highly charged with lead and becomes sul­
lurized with use, while at times it even bursts in the 
socket of the eye because of the dilatation of the air 
confined between the two shells, provoking in such 
case an abundant hemorrhage. 
To remedy the inconvenience of sharp edges the 
American Borsch of Philadelphia and the Hollander 
Snellen devised about 1,900 eyes with double walls 
which do not wound the bottom of the orbit. A little 
later, our compatriot, Dr. Coulomb constructed eyes 
with thick edges which are spreading, presenting in 
section the form of a tear. Lighter than those with a 
double shell they can, furthermore, be retouched after 
being made which helps towards perfect adaptation. 
But let us consider the work of a Parisian artist, M. 
Einius, whom the enamelers of the famous old days 
would not have refused to accept as a worthy fellow 
craftsman, and who was kind enough to unveil the 
arcana of his art to us in a recent visit to his studio. 
The principal tool of the modern ocularist is a sort 
of enameler's lamp. This consists of a small tin reservoir 
provided with a lid at the top. At the base of this 
receptacle three small brass tubes are soldered, each 
about 20 centimeters (8 inches) long, and recurved 
towards the lamp at their extremety. A cotton wick 
is placed in each of these burners and the reservior is 
then filled with gasoline. Then there is placed in front 
of the burners a branched piece or fork formed by a 
brass conduit which communicates across the table 
with a bellows worked by a pedal. Into this tube lead 
pipes are soldered, curving towards the burners and 
terminating in other tubes, of brass, to which are at­
tached small glass blow-pipe�·. Sometimes gas takes the 
place of the enameler's lamp. The air from the bellows 
escapes from the recurved fork, which directs it upon 
the burners. A small box of sheet-iron completely 
surrounds the latter, protecting the operator from the 
heat. 
The operator works by artificial light and almost in 
obscurity so as to clearly observe the entire flame of his 
blowpipe and not mistake one color for another, which 
would happen if it was fully illuminated by solar light. 
Working his bellows by his foot he blows the air upon 
the burners, so that the flame is driven horizontally 
in front of him. When it becomes blue (an indispensable 
condition of success, since the white flame is too hot, 
spotting the enamels and modifying the colorations) 
he throws its jet upon the part he wishes to heat. He 
begins with a crystal tube to whose orifice he fuses a 
tiny drop of enamel of the desired shade. He brings 
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it to a red heat and then blows it out until it attains the 
volume of an ordinary marble. We now have the sclero­
tic roughed out. 
Let us state here, in parenthesis, that the oxide of tin 
provides the opaque white; oxide of cobalt gives indigo 
blue, and oxide of copper sky blue, while the blood 
vessels derive their red color from the protoxide of 
copper. A mixture of the oxide of copper and of iron, 
with some particles of bichromate of potash, gives green. 
To obtain yellow tints the artist mixes with his enamel 
some oxide of silver, oxide of uranium, or more simply, 
some carbon. The incorporation of oxide of manganese 
yields violet reflections, and blacks are obtained by add­
ing the oxides of iron, of copper, and of manganese. 
By varying the proportions of one or another of these 
substances it becomes possible to copy with truly 
extraordinary precision the tones of the various parts 
of the human eye. 
The sclerotic in the rough being obtained, the artist 
perforates its extremity by means of a conical awl. 
He now leaves this portion for the time being and pro­
ceeds to fashion the iris. For this purpose he uses a 
ring of transparent crystal as a support. Upon this 
"palette" he paints with his blow pipe the striae of the 
iris by means of pencils of enamel over whose surface 
extends a filigree of diffm"ent tone, while a droplet of 
black enamel enables him to imitate to perfection any 
human pupil. He then takes the iris thus made and 
fuses it to the extremity of the sclerotic previously 
prepared. The German manufacturers apply the iris 
directly to the ball without perforating it, thus increas­
ing the thickness of the median portion of the eye. 
As a result of this the anterior chamber has less depth, 
but this artifice is one they are compelled to employ 
by reason of the transparence of their enamels, con­
siderably less opaque than ours. 
The workman now cuts off the crystal taking care 
to leave a droplet large e:lough to stimulate the relief 
of the anterior chamber; he then arranges some red 
threads in the white to represent the blood vessels of 
the conjunctive. The blowing of the globe of enamel 
is finished. It must now be separated from the tube 
which bears it. This is done by means of the flame, 
the method varying with the operator. M. Einsius 
proceeds by slashing the edges of the eye with the flame 
until it is almost detached from its support, then he 
completes the cutting by means of a tin knife, and grasp­
ing it with pincers he places it in the metallic box where 
it is to be annealed to give it greater strength. Finally 
it is allowed to cool slowly in the annealing box. 
Artificial eyes are excessively fragile to handle in the 
different phases of their manufacture. The ocularist 
is obliged to execute each of the above operations with­
out quitting his task, and makes use of skilful tricks of 
the fingers which it takes a long time to learn. A sudden 
movement, a stroke too much of the bellows pedal, 
and the shell may burst or crack. He must also be a 
clever colorist as well as an expert draftsman to repro­
duce the tints and slightest details of the living eye 
which is to be matched, and to make the contour of 
the edges of the new eye exactly fit the orbitary cavity 
to be filled. 
But of what use is the artificial eye? Without having 
the importance of a piece of dental prothetic work, which 
reestablishes the functions of the organ which it replaces, 
the ocular prothesis has not only an esthetic purpose, 
in symmetrizing the physiognomy of a one-eyed man, 
but, when applied in time it prevents accidents and often 
causes the functional troubles proceeding from the loss 
of the eye to disappear .. 
To fill its rOle perfectly the prothetic device must 
have certain essential qualities; it must imita.te very 
closely the color, the relief and the curvature of the 
sound eye; it must be neither too small, in which case 
it will not fill out the eyelids, nor too large, since it will 
in the latter case exert pressure on the stump either by 
its edges or by its posterior surface. 
It is obvious that the perfect adaptation of an artificial 
eye to the patient necessitates many trials and retouch­
ings. The problem is still more complicated when the 
patient resides at a distance. In this case the oculist 
chooses from a collection of artificial eyes the one which 
is most nearly adapted to the needs of his patient and 
forwards it to the ocularist with instructions as to the 
modifications required. But the best method of ob­
taining an eye by correspondence is to take a model of 
the orbit of the eye with paraffine. Dr. Coulomb has 
invented for this purpose an ingenious apparatus, which 
must facilitate the operation. 
Some precautions must be observed when introduc­
ing the eye into the socket. The operator takes the 
eye between his thumb and forefinger in the direction 
of the longest diameter, then places his left hand on 
the forehead of the patient to lift the eyelid. The 
patient is then told to look downward and the eye is 
then slid into place, and held by the thumb. The 
patient is then directed to look up, while the oculist 
lets go of the eye with his right hand, then pulls down 
the lower lid and places the lower edge of the eye in 
position. To remove the eye a smooth support is used, 
such as a hair-pin, silver wire with a loop at the end, 
crochet-hook, etc. The patient looks up and the 
operator, holding the instrument in his right hand, 
pulls down the lower lid with a finger of his left hand, 
and introduces the loop under the edge of the prothetic 
piece to which he gives a motion from the rear to the 
front. The eye then passes above the lower lid, and 
the patient has merely to look at the floor to make it 
fall out. 
By the end of a few weeks the patient will acquire 
sufficient skill by practice to insert and remove the eye 
without aid. 
In cases where the eyelids have been wholly or are par­
tially removed, the art of the surgeon is required, to 
make a wax model of the cavity, from which rubber lids 
are prepared covered Wlth a layer of tinted paraffine, 
and if. necessary held in place by means of spectacles. 
Ball Bearings 
THE remarkable success of the ball bearing is one 
of the outstanding mysteries of app!ied mechanics, 
since the device violates a number of the accepted 
maxims of the art, in particular the late Professor 
Sweet's precept that parts liable to wear should be 
designed so that they cannot wear out of shape, in 
which case they would not, he maintained, wear much. 
The extraordinary carrying power and endurance 
actually realized are a standing tribute to the care 
in construction and judgment in selection of the materials 
shown by the manufacturers. Failures, few though 
they be in comparison with the number of bearings at 
work, are, of course, not unknown, and these failures 
formed the subject of a paper recently read before the 
Birmingham section of the Junior Institution of Engineers 
by Mr. G. F. Barrett. He observed that while ball 
bearing makers heard at once of any failure, nothing is 
said to them when the bearings prove satisfactory, and 
hence in fixing the loads at which their bearings are rated, 
makers are commonly much more conservative than 
users. The load-carrying capacity of the bearings 
depends on the number and size of the balls. The latter 
should be as large as possible, but is limited by the thick­
ness necessary for the races. These must be stout 
enough to be safe from distortion by an outer housing 
not quite true, and from bursting if forced on to a 
shaft. The races must, moreover, be sufficiently heavy to 
be hardened without fear of cracking. These races are, 
Mr. Barrett states, best made of mild steel, as greater 
hardness can be obtained by carburizing this than in any 
other way. A reasonably strong cage is necessary to 
retain the balls, as, though a light cage suffices if the 
bearing is merely running under a steady load, it w:tl not 
prevent bunching under shocks and jars. Some makers 
use a cage only-the ball diameter in thickness, while 
with others the thickness is one-third the ball diameter. 
The curvature of the races should be but little less than 
that of the ball. The excess of the race radius may be 
as little as fi ve per cent, though with some makers the 
radius of the race is 20 per cent greater than that of the 
balls. A ball bearing differs from a plain bearing in the 
absence of the film of oil, which is capable, under sudden 
shocks, of acting as a buffer between the opposing sur­
faces. With ball bearings there is always actual metallic 
contact, and the stress developed at this point under a 
shock must be very great. In fact a weight of four 
ounces falling onto a ball from a height of 10 inches is 
sufficient to produce a permanent distortion of a half mil. 
Nevertheless balls of this size are often used in bearings 
carrying loads of 15 cwt. The carrying power of a 
ball is commonly considered to vary as the square of 
its diameter, but Mr. Barrett says that experience shows 
that in practice large balls carry less than this rule 
would indicate, and suggests that the working load 
should be taken as proportional to the seven-fourth 
power of the diameter. In practice the conditions of 
use vary greatly, so that actual experience has to be 
relied upon to show the actual carrying power. Where 
mounted in light non-rigid housings, as in motor-car 
work, a lower factor of safety can be used than where 
ball bearings are used, say, for electric motor spindles. 
Here the ball race is fitted adjacent to a heavy rotor and 
in a very rigid cast-iron housing. In fact Mr. Barrett 
states ball bearings do not stand up at all well in the larger 
electric machines, and trouble has been met with even 
with those of more moderate size notwithstanding the 
adoption of a large factor of safety. For this work roller 
bearings are much more suitable. In aeroplane work a 
long life is not expected, and weights must be kept down, 
so that relatively small bearings are used. A valuable 
addendum to the paper is a list of suitable sizes of bear­
ings both for light and heavy motor vehicles, based on 
the practice of the best English makers.-Engineering. 
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Effect of Occluded Air on the Freezing of Pipes 
IT is a common observation by plumbers that the pipes 
c arrying the hot water from the boiler to the kitchen 
and bathroom burst from freezing far more frequently 
than the pipes carrying the cold water. Experiments 
have been made with glass tubes, the practical condi­
tions being simulated as nearly as possible. The results 
confirm the above observation, and show that the oc­
cluded air in tap water is rseponsible for the delay or 
absence of bursting of the pipes, says Mr. F. C. Brown 
in the Physical Re�iew. The air and accompanying 
impurities assist in furnishing nuclei of crystallization so 
that the ordinary tap water begins to freeze at the usual 
freezing point. At the same time the ice formed is 
more mobile, especially near the middle of the tube, 
so that until very low temperatures are reached the 
pressure is released along the middle of the tube by the 
flow of water and ice. In addition the air bubbles 
displacing water form cushions which also relieve the 
pressure on the tube to a certain extent.-The Engineer . 
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